The condensation of a nucleoside phosphoramidite and a nucleoside by the aid of a suitable promoter in stoichiometric use is achieved in acetonitrile in the presence of molecular sieves 3A or 4A to give a desired coupling product in an excellent yield. This strategy is particularly useful for the large-scale synthesis of short nucleotides.
INTRODUCTION
In the phosphoramidite method, a nucleoside phosphoramidite is generally the most expensive among building blocks and a promoter. Accordingly, use of the phosphoramidite in excess is a serious economical disadvantage, particularly, in large-scale synthesis. In addition, the phosphoramidite used in excess causes the formation of by-products and removal of them is troublesome in a liquid phase. It is therefore required to develop the synthesis achieved by the use of stoichiometric amounts of reactants. However, the standard procedure normally uses 2-4 equivalents of a phosphoramidite toward a nucleoside in order to obtain the target product in a high yield. We report here a method for the liquid-phase preparation of short nucleotides, in which the internucleotide-linkage formation is achieved by the use of equimolar amounts of a nucleoside phosphoramidite and a nucleoside in the presence of molecular sieves (MS) 3A or 4A.
RESULTS AND DISCUSSION
First, we carried out the condensation of a deoxyribonucleoside phosphoramidite and a nucleoside in the presence of MS and, as a control experiment, in the absence of MS. The reaction of a nucleoside 3'-(allyl phosphoramidite) [ Table 1 In contrast, the preparation without MS 3A afforded not only the desired nucleotide (a 79% yield based on ^lp NMR analysis) but also the undesired Hphosphonate derivative. Here, the formation of the Hphosphonate may result from hydrolysis of the starting phosphoramidite or/and its activated species by moisture contained in the reaction solvent and reactants themselves. Thus, it is conceived that MS act as moisture scavenges preventing the decomposition. The use of MS 4A in place of MS 3A gave similar results. The procedure using stoichiometric amounts of reactants and a promoter in the presence of MS has wide generality allowing high-yield preparation of various dideoxyribonucleoside phosphates using suitable phosphoramidites and nucleosides as building blocks. The promoters usable include N-PhIMT, /V-(/?-acetylphenyl)imidazolium triflate. The reaction time depends on the reactivity of the promoter. For example, 1//-tetrazole required 30 min for completing the above-mentioned reaction. Table 1 lists several examples of the preparation of dideoxyribonucleoside phosphates via the present approach .
The present method is also effective for the condensation of a ribonucleoside 2'-phosphoramidite or 3'-phosphoramidite and a 5'-O-free ribonucleoside in stoichiometric use of the reactants and a promoter to allow the efficient synthesis of 2'-5'-or 3'-5'-linked diribonucleoside phosphates, respectively. 
CONCLUSION
We developed a highly efficient phosphoramidite method for the liquid-phase synthesis of short-length nucleotides, which provides the desired product in a high yield by the use of stoichiometric amounts of reactants and a promoter in the presence of MS 3A or 4A. Compared with existing methods requiring an excess of reactants and the promoter, the present approach is advantageous in regard to its relatively low cost and operational simplicity of product isolation.
